The studies to be reported here are of a nature similar to those carried on quite exhaustively many years ago by Bashford, Murray, and Cramer,' Russell,5 Burgess,2 Da Fano,4 and others, concerning the histology of transplanted tumors in mice. The present work has been conducted using pure-strain mice and a well-known tumor,3 15091a, in order to ascertain if the histological appearance of the developing graft could be correlated with the strain susceptibility. Especial attention has been given to the r8le played by the growth of a vascularized stroma, the presence of necrosis within the tumor, and the cytological response of the host.
The studies to be reported here are of a nature similar to those carried on quite exhaustively many years ago by Bashford, Murray, and Cramer,' Russell,5 Burgess,2 Da Fano,4 and others, concerning the histology of transplanted tumors in mice. The present work has been conducted using pure-strain mice and a well-known tumor,3 15091a, in order to ascertain if the histological appearance of the developing graft could be correlated with the strain susceptibility. Especial attention has been given to the r8le played by the growth of a vascularized stroma, the presence of necrosis within the tumor, and the cytological response of the host.
INCIDENCE OF TUMOR 15091a IN FOUR STRAINS OF MICE
Materials and methods Tumor 15091a, a mammary carcinoma that developed in an A-strain mouse,' is a rapidly growing anaplastic neoplasm consisting of whorls and sheets of spindle-shaped, sarcoma-like cells, but without the distribution of reticulin that would characterize such a growth. Mitotic figures are numerous. As will be described, it is vascularized by capillaries and sinusoidal vessels; accompanying these there is a delicate connective tissue stroma.
The stock tumors used in all the experiments were grown in ABC ALB mice. Fragments measuring from 1 to 1.5 mm. in diameter, cut from healthy portions of tumor, were inoculated by the trocar method into the epilated flank. The implant was placed between the panniculus carnosus and the abdominal muscles. The growth of the tumor was followed at about five-day intervals, measurement of the three diameters of the nodule being made with a caliper rule. The mice that died with large tumors were classified as "takes." Those in which tumors did not reach a size of 3 x 3 x 1 mm. on or after the 14th or 15th day following inoculation were considered as "negative." Those inoculations; data given are the results of these inoculations. These mice were used in the histological studies described below.
derived from these by pen-breeding. The mice used were 8 weeks old unless otherwise stated. Results The data pertaining to each of the experiments are listed separately as well as in combination for each strain in Table 1 .
Although in these results a certain amount of variation is noted, there is, in general, a fairly good correspondence between the different groups of mice of the same strain. Both the ABC ALB and the ABC-AC mice were very susceptible to 15091a, which gave takes in 98.1 and 88.1 per cent of the mice respectively. Regressions were uncommon (1.4 per cent in ABC ALB mice and 3.3 per cent in ABC-AC), while no growth of the tumor occurred in 0.5 per cent of the ABC ALB and in 8.6 per cent of the ABC-AC mice. The dba strain was definitely more resistant, with only 33 per cent takes; 25.5 per cent of the grafts regressed, and tumors failed to appear in 41.5 per cent.
The high degree of resistance to subsequent inoculation shown by the group of dba mice in which the tumor failed to grow or regressed on repeated inoculation is obvious. Thirty of the 38 mice had received 4 inoculations in all, while 6 had had 3, and 2 had been given 2 inoculations. The subsequent implant in each was excised after various intervals, as is described later in this paper, for histological study. It should be noted that this group does not include any mice in which the tumor took.
The C57 BLK strain was completely resistant to the tumor; no takes have been observed with 15091a in adults of this strain in our laboratory; one regression has been found in 72 mice inoculated.
HISTOLOGICAL STUDIES OF DEVELOPING 15091a TUMORS IN THESE STRAINS OF MICE
Materials and methods Tumor fragments were implanted in the manner described above. At various intervals thereafter the mice were killed; the chest was immediately opened and the arterial system injected via the left ventricle with India ink. The portion of abdominal wall bearing the tumor was then excised, fixed in Bouin fluid or 10 per cent formalin, and histological sections were prepared. Masson's trichrome stain for connective tissue and hematoxylin-eosin were used. Cleared sections of 30 to 40 > were also prepared for demonstrating the injected vessels within the tumors. The number of animals from each strain sacrificed at each of the intervals after inoculation varied from 4 to 11; 5 was an average.
Results
The data derived from histological study of the developing grafts in the four strains are as follows:
ABC ALB: The implant at 12 hours showed a central zone of necrosis. The peripherally located cells, however, were viable and multiplied, either uniformly to increase the size of the mass or in the form of streamers extending from the poles of the graft. During the first 2 days accumulations of small numbers of polymorphonuclear leukocytes in the areolar tissue at the margin of the tumor were uniformly present. After this interval, lymphocytes and large mononuclear cells appeared and were usually present in small numbers in older tumors as well.
Vascularization occurred first at 4 days (small capillaries entering the tumor at the rim) and was seen with increasing frequency thereafter. Infrequently, a fairly large area of necrosis was present in the centers of grafts as late as the 6th day after implant. This finding seemed to be associated with absence of vascularization of the tumor, but the number of examples is too small for assurance on this point.
Among the 17 tumors of 6 and 8 days of growth which were sectioned, there were 3 which were surrounded by a thin capsule of vascularized connective tissue containing lymphocytes and a few large mononuclear and polymorphonuclear cells. It is noteworthy that all of these tumors were small in comparison to the group as a whole.
In the 8-day group, irregularly distributed zones of necrosis were found in 2 of 7 tumors. Study of these early zones of necrosis showed that hemorrhage frequently surrounded the pyknotic tumor cells; no thrombosed capillaries or other sources of hemorrhage were demonstrable. In tumors from the 8-, 10-, and 13-day groups, zones of hemorrhage were found alone in 4 grafts and associated with necrosis in 7 (19 were studied). In all of the 15-and 17-day tumors there were larger necrotic zones, accompanied in each instance by hemorrhage, frequently located at the margin as well as in the center of such areas.
In addition to the capillary type of circulation there were sinusoidal vessels which appeared first at 8 days and increasingly thereafter. Their location was at the periphery of the tumor and also adjacent to or within the necrotic zones. There seemed to be no close correlation between the presence of these large vessels and hemorrhage, i.e., hemorrhagic zones were found not to be adjacent to sinusoidal vessels in 30 instances as compared with 18 times when they were. Both the sinusoidal and the capillary vessels in the large necrotic zones were frequently thrombosed. The picture, therefore, of the fully developed tumor in the ABC ALB strain was that of whorls of spindle-shaped cells with a rich vascular supply and irregularly distributed zones of hemorrhage and necrosis which varied greatly in size. These areas in the very large 3-to 4-week-old grafts frequently occupied most of the tumor, and when present directly beneath the epithelium they were accompanied by ulceration or more frequently by a firm overlying crust of hyaline necrotic skin.
ABC-AC: No significant histological differences have been found between the development of tumors in this strain and those in the ABC ALB mice. In none of the 6-to 8-day grafts was there a capsule around the tumor. Zones of central necrosis were seen in 6-and 8-day tumors somewhat more frequently than -in the ABC ALB strain.
dba: With certain exceptions the development of 15091a in this strain was similar to that in the preceding strains which were definitely more susceptible to the tumor than were dba mice. The time of the first appearance of a vascular stroma within the tumor coincided with that in the ABC ALB and ABC-AC strains and quantitatively the same proportion of tumors was vascularized at the respective ages. The cytological response by the host was the same.
The differences lay in the following findings: 5 tumors of the 23 in the 4-, 6-, and 8-day groups were completely necrotic. In 4 of these there was a slight proliferation of fibroblasts around the necrotic tumor, frequently with large mononudear and fewer polymorphonuclear cells and lymphocytes in this zone. The fifth tumor consisted merely of a nodule of vascularized connective tissue, infiltrated by lymphocytes and large mononuclears and scattered necrotic tumor cells. Three of these 5 were vascularized, though in 2 the capillaries as well as the tumor cells were necrotic. In 3 additional grafts no necrosis was evident, but they were surrounded by a welldeveloped fibrous tissue capsule containing many large mononuclear and polymorphonudear cells and a few lymphocytes; 2 of these were vascularized.
Those tumors that were present at 16 days did not appear essentially different from those of a corresponding age in the preceding strains.
Similar studies were carried out on animals of the dba strain which had been proved to be highly resistant to the tumor by repeated inoculations (see Table 1 ); in most of them no grafts had grown, while in some at least one inoculum had grown temporarily, later regressing completely. They were then given a final inoculation and this implant was removed for study at the usual intervals. There was no observable difference in the histological appearance of grafts in animals in which a tumor had previously regressed and in those in which there had never been a growth.
Necrosis of the tumors was more striking in the resistant dba mice than in the unselected group, while the development of vascularization and the cytological response in those tumors that were viable appeared to be about the same.
Four of the 14 6-and 8-day tumors showed marked necrosis of all but the basal portion; the non-viable areas contained many accunmulations of polymorphonuclear leukocytes. In addition, within these zones fibroblasts, a moderate number of large mononuclear cells, and fewer lymphocytes were found. Apparently what was a more advanced stage of this type of change was found in two of the 8-day tumors (8 were taken for study at this date). In these no viable tumor cells were seen; only a few necrotic remnants remained, associated with which were groups of polymorphonuclear leukocytes, while the main mass consisted of fibroblasts and capillaries infiltrated by large mononudear cells and some lymphocytes. Of this group of 6 tumors, 2 possessed blood vessels among the tumor cells. Phagocytosis by the large mononuclear cells of what appeared to be nuclear fragments was seen adjacent to zones of necrosis in the last two groups; its occurrence was infrequent. The remaining 8 tumors of the 6-and 8-day groups were heterogeneous in appearance; most of them, however, showed areas of necrosis varying in size, and 6 of the 8 were vascularized. Unfortunately, no tumors were available for study after 8 days.
C57 BLK: The development of those transplants viable at the time of removal seemed little different from transplants in more susceptible strains. Vascularization appeared at the same time and was present in about as many tumors proportionately as in the other strains, and the cytological response was similar. In the C57 BLK mice necrosis of the graft was again a prominent characteristic.
In the 2-day group there were 3, of the 11 sectioned, in which the graft showed marked necrosis with large numbers of polymorphonuclears in and about the non-viable portion.
The 4-day tumors resembled those in the less resistant strains. Except where noted otherwise, the 6-and 8-day groups are considered together, as the findings were similar. In 5 of the 22 tumors removed 6 and 8 days after implanting there was a fairly welldeveloped capsule surrounding the tumor, but distinct from it and containing large mononuclear cells and fewer polymorphonudear cells and lymphocytes. The tumors themselves showed little change other than central necrosis. Of these 5, only 1 was vascularized.
In S others from the 6-and 8-day groups there was again proliferation of the fibrous tissue around the graft; in these, however, a few fibroblasts and many large mononuclear cells were also present between the scattered and frequently pyknotic tumor cells in the peripheral portion of the implant. The major portion of the inoculum, however, was viable and contained numerous mitoses. Apparently what represented a later stage of this process was-seen in 3 of the I I removed on the 8th day: in these there were very few viable tumor cells and only scattered pyknotic cells were present in the zone of extensive large mononuclear cell infiltration. Mitoses were fare. Six of the 8 tumors just described had small blood vessels among, or in close proximity to, the tumor cells. All but one of the remaining 9 tumors in the 6-and 8-day groups were very small and uniformly had central zones of necrosis with a viable surrounding rim; only 2 of these possessed a blood supply. The ninth was vascularized, was slightly larger than the others and showed no necrosis. Four of the 9 had very delicate capsules free of significant cellular infiltration. Phagocytosis of nuclear fragments by large mononuclear cells near zones of necrosis was seen occasionally.
Very few tumors were available for study after this interval; there were only 7 in all that could be found and sectioned in the group of grafts examined after 13, 16, and 32 days. Three of these were small, viable tumors containing only small patches of necrotic tissue infiltrated by polymorphonuclear leukocytes and surrounded by a thick connective tissue capsule. These had attained a size suffident to permit dassification as "regressions" had they subsequently disappeared, as our experience with this strain would lead us to believe they would have done. Two others were almost wholly necrotic, and the remaining two were merely represented by fibrous nodules in the meshes of which foamy phagocytes were present.
In all strains the death of the central part of the graft-the tumor cells and vessels-immediately after transplant was the rule. When the centers of older tumors were found to be occupied by a large zone of necrosis there frequently was no vascularization of the nodule; this was true irrespective of the resistance of the particular strain and it occurred proportionately with about the same frequency in each. The combined data from the 6-and 8-day tumors in all the strains are as follows: 37 tumors had large central zones of necrosis of which only 13 were vascularized, whereas of the 31 tumors that did not have that type of necrosis 25 were vascularized.
Summary of histological findings
In the susceptible ABC ALB and ABC-AC strains vascularization of the grafts was evident on the fourth day; sinusoids appeared at 8 days. Small zones of hemorrhage were found alone and also associated with areas of necrosis in tumors of the 8-, 1 O--, and 13-day groups in ABC ALB mice. Thereafter, necrosis was variable in prominence. Small numbers of polymorphonuclear leukocytes were conspicuous for the first 2 days, after which they were accompanied or replaced by a few lymphocytes and large mononuclear cells.
A noteworthy difference in the development of the implant in the somewhat resistant dba strain as compared with the preceding strains consisted of finding in the 4-, 6-, and 8-day groups totally necrotic grafts surrounded by proliferating connective tissue capsules infiltrated by large mononudear cells. In others, a thin capsule was present without any necrosis of the graft.
In a group of dba mice that were resistant to repeated inoculations of the tumor a slightly different picture from the preceding was found: there was extensive necrosis of the graft at 6 and 8 days with foci of polymorphonuclear leukocytes about the necrotic areas and a zone of fibroblasts, infiltrated by large mononuclear phagocytes and lymphocytes, growing into the graft from the periphery.
In the very res'istant C57 BLK strain, marked necrosis was found infrequently in the 2-day implants. At 6 and 8 days some of the grafts, though apparently healthy, were surrounded by a capsule infiltrated by large mononuclear cells. In a second group the peripheral portion of the implant was partly necrotic and was infiltrated by connective tissue and many large mononudear cells. A more advanced picture of this same type was also seen where there remained only a few pyknotic tumor cells scattered through a loose mass of fibroblasts and large mononuclear phagocytes. The remainder of the grafts at this stage were small, not vascularized, and possessed central zones of necrosis. By 16 and 32 days the end stage, i.e., merely a fibrous nodule, was found.
Discussion and conclusions
There is little to be gained by continuing the old debate centering around Russell's dictum' that the growth of a tumor depends on the ability of the host to supply a vascularized stroma, the absence of this accounting for the lack of growth in the immune animal. Certainly in our studies many tumors in the group of resistant dba mice and in the C57 BLK strain were found to possess a blood supply, and this vascularization occurred after the same interval as in the susceptible strains. The possibility that these particular tumors would ultimately have become "takes" is most remote (Table 1) .
Da Fano4 found in spontaneously healing tumors a specific response of many lymphocytes and plasma cells, with fibroblasts and wandering cells subsequently producing the final scar; in immune animals plasma cells and lymphocytes were lacking. In our studies plasma cells were seen in rare instances and never in large enough numbers to be of possible significance. In the 6-to 8-day C57 BLK transplants (which would certainly best correspond to the group of spontaneously healing tumors in non-immune animals) when lymphocytes were present they were always in the minority.
Certain other findings are worthy of brief comment. The large numbers of polymorphonudear leukocytes associated with foci of necrosis in the resistant dba group were striking. Doubtless the necrotic tissue elicited their response; they were seen in tumors in other strains in smaller numbers, again adjacent to areas of necrosis.
The capsule surrounding the graft, prominent in both the dba and C57 BLK mice, occurred also around some of the smaller tumors in the ABC ALB strain, i.e., where the growth had been slow. It would appear that this fibroblastic proliferation occurred in the implants in the resistant strains secondarily to the same cause, inasmuch as it was invading those grafts or such portions of them that showed lack of mitoses and pyknosis of cells. This fibroblastic response, accompanied by large numbers of mononuclear phagocytic cells and which finally resulted in a fibrous scar, would seem most logically to represent the host's reaction to a foreign body,-in other words, a phenomenon secondary to the tumor's failure to grow and its ultimate death. The cause of this, the crux of the problem, it is believed is not directly observable by histological means. Summary 1. The ABC ALB and ABC-AC strains were susceptible to tumor 15091a, the dba strain was quite resistant, and the C57 BLK entirely so.
2. In all strains necrosis of the blood vessels and tumor cells in the center of the graft immediately after implant was the rule; growth resulted from the multiplication of peripherally located cells.
3. In older grafts the presence of large areas of central necrosis was associated with an absence of vascularization in the tumor.
4. In the susceptible strains small irregular zones of necrosis, apparently associated with hemorrhage, appeared in the vascularized older tumors; these necrotic zones did not interfere materially with the growth of the tumor as a whole which subsequently brought about the death of the host. / 5. In the resistant strains failure of growth and necrosis kf the tumor occurred irrespective of its vascularization; a fibroblap'tic and mononuclear phagocytic response followed, which ultimately resulted in complete replacement of the tumor by a scar.
